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Highlights
 Both adaptive capacity and adaptive water management are necessary for water security
 Crises and transformative adaptive capacity help reshape water management 
 Insufficient or unequal local adaptive capacity challenge gains in water security 
 Water security measures must assess adaptive capacity and adaptive water management
 Capacity and water security building efforts should not trade-off the disadvantaged
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Towards joint consideration of adaptive capacity and water security: Lessons from the arid 
Americas
Christine J. Kirchhoff1, Francisco Lara-Valencia2, Julie Brugger3, Paula Mussetta4, Nicolás 
Pineda-Pablos5
Abstract
Freshwater resources face enormous pressures to meet human and ecosystem needs in a 
changing climate. These pressures brought concern for rising water insecurity high on global 
agendas and, renewed interest in improving water security. This review traces the recent 
evolution of these efforts including the challenges faced in attempts to enhance water security. In 
addition, this paper adds a new dimension to water security by proposing a theoretical model that 
jointly considers interdependencies between water security, adaptive capacity, and adaptive 
water management. Finally, the review illustrates and critically evaluates these interdependencies 
using three case studies from the US, Mexico and Argentina, and ends with suggestions for 
future research.
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Introduction
Human population and economic growth and land use change place enormous pressure on global 
freshwater resources [1]. Climate change exacerbates those pressures by altering water 
availability and precipitation patterns, increasing water demands, and worsening climate 
extremes (in particular, floods and droughts) [2]. The concept of water security—defined as the 
“sustainable availability of adequate quantities and qualities of water for resilient societies and 
ecosystems” [3**, p. 281] emerged from this increasingly complex social and biophysical 
context, providing both an aspirational and a practical means to assess a range of water related 
risks and adaptations and to foster a more water secure world [see 4-6 for excellent reviews of 
the evolution of water security as a concept and see 6 for a review of the evolution of water 
security indicators]. More recently, adaptive management—defined as the science-based, 
iterative, learning oriented approach to plan for and respond to societal, ecosystem, and 
hydroclimatic uncertainties and to assess water security—has been promoted as the means to 
achieve water security [3**,7*]. However, to date, relatively little attention has been paid to 
assessing the underlying social conditions, capacities, and institutional flexibility necessary to 
support more adaptive approaches and build water security, a gap which this review addresses. In 
this paper, we review water security and adaptive capacity literatures and propose a conceptual
model that links these concepts. We then briefly test the model exploring how adaptive capacity 
and adaptive water management supports (or not) improved water security using three examples 
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from the US, Mexico and Argentina, and provide conclusions and suggestions for future 
research.
Water Security and Adaptive Capacity
The concept of water security evolved from a relatively narrow framing focused on resource 
geopolitics, in the Middle East and arid regions of Africa [8], to increasingly broader framings,
inclusive of water quantity and quality, the needs of both humans and ecosystems [9], and, more 
recently, uncertainty and sustainability [3**,7*] resulting from climate change. Correspondingly, 
indicators of water security, once narrowly focused on physical water (in)security (too much or 
too little water)[10], broadened to include other measures such as the availability of water for 
human and ecosystem health and, more recently, social and governance indicators [11-13]. For a 
comprehensive review of the conceptual evolution of water security and of water security 
indicators see 4,6,12,14]. Taken together, this broadened approach to water security begins to 
account for and overcome trade-offs [14-16], where increases in one aspect of water security 
may diminish another, and to facilitate adaptation to increasing climate and hydrologic 
variability [7*,17,18*].
While these changes in framing and assessing water security represent significant conceptual 
advancements that could engender comprehensive water security under greater climate and 
hydrologic uncertainty, challenges remain in achieving comprehensive water security in practice. 
Difficulties arise for two reasons. First, research suggests that achieving water security depends 
on implementing new, more flexible, change-oriented water management approaches such as
adaptive water management that enable adjustment to changing conditions [3**,7*,18*]. 
Unfortunately, traditional, command and control-type water management approaches still 
dominate the water governance landscape impeding the more flexible, learning and change 
oriented management advocated by scholars for achieving water security. Second, and perhaps 
more importantly, research suggests that underlying adaptive capacities--capacities that facilitate 
learning, adapting to changes, and transforming management--are often inadequate to support
transitions to more adaptive regimes [15,19,20]. That is, even if water managers wanted to 
transition from traditional to adaptive management, insufficient adaptive capacities--including 
inadequate resources (i.e., economic, technology, information and skills, infrastructure),
institutions, and equity [21], insufficient capacity for collective action [22,23], or for learning 
and changing institutions, governance, and management regimes [19,24-28], or for transforming 
social ecological systems [29,30**]—hamstring such efforts before they even get off the ground
[31].
As the preceding discussion lays out, there appears to be a critical connection between adaptive 
capacity, transitions to more flexible, learning and change oriented water management
approaches (hereafter adaptive water management), and water security. These connections are 
illustrated in a conceptual model--building blocks for enabling advancements in comprehensive
water security (see Figure 1). The model shows how different types of adaptive capacities are 
required to build sufficient support to transition from conventional, top-down water management 
to adaptive water management. In turn, both adaptive capacities and adaptive water management 
are precursor building blocks to facilitate enhanced water security. As sufficient adaptive 
capacities and adaptive water management build up together these support improved, more 
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comprehensive water security that takes into account physical water (in)security as well as trade-
offs, sustainability and social and governance aspects.
Figure 1 about here.
To explore the theorized interplay between adaptive capacity, adaptive water management, and 
water security in more depth, we employed a holistic, multiple-case study approach [32,33]. 
Selection of cases was purposive as we wished to explore potentially contrasting water security 
outcomes as we observed different levels of adaptive capacity and adaptive water management in 
three real-world contexts: Tucson, Arizona, Mendoza, Argentina, and in the Sonora River Basin, 
Mexico. While the cases differ in levels of adaptive capacity and adaptive water management, all 
three share the burden of being in a water constrained region of the world, the Arid Americas. As 
such, all three sites experience water-related crisis events, such as drought, which create 
motivation for improving water security and opportunities to assess how and why improvements 
in water security succeed or fail. Table 1 outlines the three cases in terms of the crisis event, 
level of adaptive capacity, and type of water management along with the scale at which the 
respective water management operates. A description of each case follows the table.
Table 1 about here.
Enhancing Adaptive Capacity and Water Security in the Arid Southwest USA 
In the U.S. Southwest, for decades “hard path” or infrastructure-centric water resource 
management contributed to enhancing the region’s water security supporting expansive growth 
in both agricultural production and urban populations [34]. But infrastructure-centric solutions 
are insufficient for achieving long-term water security as physical, economic, and ecological 
limits together with climate change constrain water supplies [34-37]. Tucson Water, a 
municipally owned and operated water utility that supplies drinking water to most of the one 
million inhabitants of the Tucson Metropolitan Area in the state of Arizona, sits at the epicenter 
of this water security challenge.
As a municipally-owned utility, Tucson Water operates under the direction of the City Council 
an arrangement which facilitates active citizen engagement in water management through the 
electoral and ballot initiative processes, but which can also create uncertainty in the system. For 
example, when Tucson Water introduced a higher water rate in 1976 to pay for infrastructure 
needed to meet rising water demands, citizens organized a recall election of the City Council 
members who voted for the increase. And when the utility tried to switch from groundwater to 
Colorado River water delivered by the Central Arizona Project (CAP) in 1992, citizens passed a 
ballot initiative that prevented direct delivery. Both of these citizen responses threatened water 
security in the short-term.
The 1976 crisis prompted the City Council to create an official public advisory body, the Tucson 
Citizens’ Water Advisory Committee (CWAC), comprised of Tucson residents knowledgeable 
about water management, to advise them on water rates and capital improvement planning. The 
CWAC increased the transparency and legitimacy of the rate setting process which ultimately 
contributed to public acceptance of higher water rates [38]. In addition to advising on water 
rates, the CWAC suggested creating peak flow reduction and public education campaigns, which
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together contributed to Tucson’s transformation from an “oasis,” whose main streets, parks, and 
residences were landscaped with lawns and water-demanding trees, into a “desert city,” 
landscaped with native and low-water use vegetation, and to the widespread adoption of 
conservation values [39]. The CWAC also played an important role in gaining public acceptance 
of the eventual solution to the 1992 impasse and the higher rates it entailed, which was to 
recharge the CAP water into the aquifer and then pump the blended water back out. Tucson is 
now able to bank one-half year of supply annually, reducing the risk of water shortage in the 
future. Over time, the CWAC has evolved to take on an advisory role in additional issues, such 
as conservation programs and a Water Service Area Policy. Meanwhile, water consumption rates 
have continued to drop and are now among the lowest in the nation for a large metropolitan 
area.1 Altogether, the CWAC has helped the utility to shift to “soft path” solutions including 
managing demand through alternative pricing structures, conservation incentives, water-saving 
technologies, alternative supplies, and educating users. By increasing the learning capacity and 
flexibility of the municipal water supply system, the CWAC has increased Tucson Water’s
capacity to adapt to changes in environmental, technical, regulatory, and ocial conditions [26], 
which enhances water security in the region.
Trade-offs in Adaptive Capacity and Water Security Building in Mendoza, Argentina
Mendoza, Argentina, a semiarid region located in the west-central part of the country, relies on 
snow and glacier melt water originating in the Andes mountain range. Water infrastructure and 
strong water institutions manage—from a supply-side model—the movement of water from its 
source in the Andes to its use for agriculture and other human needs. Given the aridity of the 
region, droughts are not uncommon. Climate change is likely to exacerbate water scarcity in the 
future [40] potentially compromising water security for those with less adaptive capacity.
Past droughts have prompted strengthening of institutions and adaptive capacity building
including increasing the production of knowledge, participation in water decisions, and the 
adoption of new technologies. Unfortunately, these changes have not uniformly increased water 
security for all water users; rather, some users are more secure while other water users are left 
less secure. For example, while government institutions make water availability, climate, and 
agricultural adaptation information publically available, the information is highly technical and 
not easy to access for small farmers. As a result, while large agricultural producers’ access and 
use this expert information and their adaptive capacity improves, smaller producers tend not to 
reap these adaptive capacity benefits. The case for participation is more mixed. On the one hand,
while Irrigator Assemblies—ancient, formal, non-state, community organizations—provide 
space for discussion and participation in water decisions, unequal representation (some 
landowners have more votes while others have no vote at all) and a lack of capacity for taking 
action limits adaptive capacity. On the other hand, informal associative organizations for 
common use of water, technology and machinery contribute to the improvement of producers’ 
adaptive capacity as agreements to share irrigation wells create possibilities that these producers 
could not engage in on their own. Finally, while adoption of water saving technologies such as 
drip irrigation or lining of irrigation canals do foster more efficient use of water that can help
irrigators cope with water shortages, there are potential limits and trade-offs [41](Mussetta et al 
forthcoming). For example, while the Potrerillos Dam [41] assisted some irrigators by creating 
more stable, predictable water flows on the Mendoza River, other irrigators located further away 
                                                
1 Tucson Water presentation at CWAC meeting 04/01/2015.
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lost access to the water and became more water insecure. Moreover, over-reliance on 
technological fixes may actually limit adaptive capacity building through other means that are
more appropriate for a given socio-historical or local context such as rural development based on 
agro-ecology practices [42*]. Even with these trade-offs, altering the prevailing “technology as 
savior” paradigm is not an easy task since they are embedded in current models of territorial 
development.
The Sonora River Basin – Climate Challenges, Adaptation Urgencies
The Sonora River stretches 294 kilometers, spanning from the Cananea’s highlands near the U.S-
Mexico border to the Gulf of California in the Pacific Ocean [43]. The City of Hermosillo, the 
main urban center and capital of the state of Sonora, depends increasingly on a single water 
source—groundwater—since surface water rarely reaches Rodriguez Dam, the main component 
of the water supply infrastructure in the lower river basin [44].
Water insecurity in the SRB is an area of great concern as growth and recurring drought, 
exacerbated by climate change, places enormous pressure on an intermittent freshwater supply
and on a management system that relies on supply-side water strategies, the construction of hard 
infrastructure (i.e., hard path approaches), inter-basin water transfers, and centralized, top-down
decision-making. The prolonged drought in the early 2000s and the spill of 40,000 cubic meters 
of toxic chemicals by a mining operation in the upper basin in 2014 [45,46], brought the risk of 
higher water insecurity into sharp focus. These events prompted calls for building adaptive 
capacity and for transitions to more adaptive, integrated water management, including multi-
sectoral coordination, demand management, science-based long-term planning, and public 
involvement.
Efforts to build adaptive capacity to support more science-based, transparent and learning-
focused management are slowly emerging in the region. For example, the Mexican Government 
recently commissioned studies to evaluate water management under climate change scenarios, 
recommending monitoring and modeling of hydro-climatic processes as well as greater 
transparency in water policy-making [47,48]. Another illustration is the formation of a regional 
epistemic community working across the US-Mexico border and advocating social learning, the 
creation of binational “communities of practice” among water managers, and the co-generation 
of climate science [44,48-49]. 
Despite some progress, adaptive capacity and water security gains have been unequal and 
tenuous across the SRB illustrating the difficulties of changing existing paradigms and achieving
water security even when there is motivation to do so. For example, at the onset of the early 
2000s drought, authorities quickly opened new wells and instituted water rationing. 
Unfortunately, these measures improved water security for Hermosillo but negatively impacted 
vulnerable populations in the peri-urban areas decreasing their water security and adaptive 
capacity and amplifying social inequities [49]. A similar result emerged from the recent 
construction of the Independence Aqueduct to transfer water from the neighboring Yaqui River 
to the SRB. The transfer improved water security for urban dwellers in Hermosillo but left 
farmers and indigenous peoples living in the Yaqui River Basin less secure and without a voice 
or power in the decision making process [50]. Other trade-offs are evident between the upper and 
lower SRB and between short- and long-term gains in water security. In this case, over-
extraction of groundwater as a strategy prioritizes short- over longer term water security [51]
Finally, the government’s handling of the massive release of toxic chemicals into the river in 
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2014, making decisions behind closed doors 2000 kilometers away in Mexico City, lacked 
transparency and credibility among regional water users. These examples illustrate that even 
when stakeholders agree on the need to improve adaptive capacity and water security, 
overcoming entrenched water management and growth paradigms is difficult.
Insights from Three Cases on the Interplay between Adaptive Capacity, Adaptive Water 
Management and Water Security
Concerns for the adequacy of water supplies to support growth amidst recurring drought and the 
specter of climate change motivate efforts to build water security across the three cases. While 
motivation for building water security is high across the three cases, motivation alone is 
insufficient for achieving desired water security gains. Rather, the cases illustrate that adaptive 
capacity and adaptive water management play critical roles in supporting (or undermining) water 
security building efforts. For example, on the one hand, in Tucson citizen participation promotes 
social learning, and enhances transparency and legitimacy in water management increasing
adaptive capacity. In turn, greater adaptive capacity supports the transition from traditional, hard-
path, top-down water management to a more adaptive water management paradigm. Adaptive 
capacity supported adaptive water management enables ongoing adaptations including 
institutional, organizational, operational, and behavioral changes that embrace both hard- and 
soft-path solutions yielding gains in water security. On the other hand, despite high motivation 
for building water security in Mendoza and the SRB, unequal adaptive capacity (Mendoza) or 
low adaptive capacity (in SRB) are not enough to support transitioning away from entrenched 
top-down water management paradigms to more adaptive management approaches undermining
water security building efforts. For example, in both endoza and the SRB, while past droughts 
have prompted adaptive capacity building including the production of knowledge to support 
water management decisions, water security gains are unequally distributed as not all water users 
can take advantage of the information. And, in both Mendoza and the SRB, traditional water 
management structures have been slow or reluctant to open their decision-making process to 
citizens and the scientific community which, in turn, has diminished the capacity for learning and 
participatory management hallmarks adaptive water management. In the case of the SRB, social 
unrest and political mobilization are gradually forcing change in water governance at municipal 
and regional levels; but, these changes are tenuous and easily side-stepped as illustrated by the 
government’s response to the recent chemical spill and the construction of the Independence 
Aqueduct. And in Mendoza, even with formal participatory structures in place at the community 
scale, unequal representation and lack of power to act within the system, lead some farmers to 
take the initiative to create for themselves the best conditions for improving their own water 
security at the sub-community (e.g., multi-farm) scale. However, the extent to which gains in 
water security at sub-community scales are sustainable is an unanswered question given the 
potential for forces outside farmer collaboratives to counteract or undermine their water security 
gains. 
While the Tucson, Mendoza and SRB cases broadly support the normative propositions of the 
conceptual model, the Mendoza and SRB cases illustrate challenges inherent in building adaptive 
capacities and transitioning to adaptive water management regimes and the need to attend to 
inequalities and trade-offs. For example, consistent with the scholarship in this area, the 
Mendoza and SRB cases illustrate the importance of considering who benefits (or loses) from 
adaptive capacity and water security building efforts especially among more or less advantaged 
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populations [49-50,52*,53]. Vulnerable populations in particular tend to lose out when broader 
adaptive capacity building efforts do not take into account differences in accessibility or power. 
Finally, the SRB case illustrates the challenge with trade-offs, such as when building adaptive 
capacity for the short-term may trade-off capacities for longer term adaptation or enhancing 
water security in one location or for one purpose may reduce water security in another, are 
another challenge [16,18*,19,54]. For example, in the SRB case, groundwater over-extraction 
prioritizes short- over long-term water security or where water security improved in the SRB at 
the expense of the Yaqui River basin.
Conclusions and Future research
In this paper, we proposed a conceptual model showing the interplay between adaptive capacities 
required to build sufficient support to transition to adaptive water management and how both 
capacities and adaptive water management are necessary to support improvements in 
comprehensive water security. Insights drawn from the three case studies provide some support 
for this conceptual model. On the one hand, crises together with transformative adaptive capacity 
help reshape water management systems/paradigms and enhance water security. On the other 
hand, gains in comprehensive water security stall or become unequal when there is insufficient 
local adaptive capacity to support transitioning away from entrenched, traditional, top-down 
water management to adaptive water management. The cases also illustrate challenges in 
assembling those building blocks to advance the potential to achieve comprehensive water 
security. Local contexts and conditions influence the effectiveness (or lack thereof) of adaptive 
capacity building efforts and the difficulties of transitioning away from traditional water 
management regimes. 
This review and our conceptual model highlight the critical role adaptive capacity plays in 
supporting adaptive management transitions and building water security. Our results suggest that 
water security indicators should account for the adaptive capacity and adaptive water 
management building blocks that support achieving comprehensive water security. Furthermore, 
since water security itself can be a moving target as environmental, technical, regulatory, and 
social conditions change, including indicators to assess adaptive capacity and adaptive water 
management provides a means to gauge capacity for building and sustaining water security over 
time.
While our review provides a foundation to advance thinking around the interplay between 
adaptive capacity, adaptive water management and water security, future scholarship should 
explore both the relative influence of different types of adaptive capacities on adaptive water 
management transitions and water security as well as how adaptive capacity building can be 
improved to minimize negative trade-offs. This focus could shed light on which capacities in 
particular are critical to build and measure in assessments of water security. Likewise, future 
research should examine in more depth what enables or constrains transforming water 
management paradigms in a wider range of contexts. This research could help uncover and link 
specific underlying capacities and factors that drive change in water management in different 
environments, critical for informing efforts to support transitions in entrenched water 
management paradigms and, ultimately, for building and measuring water security. 
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Figure and Table Captions
Figure 1. Theorized interdependencies between water security, adaptive capacity and adaptive 
management. From the left, the model shows how different types of adaptive capacities are 
required to support transitioning from conventional water management to adaptive water 
management. Proceeding from left to right, the figure shows how both adaptive capacities and 
adaptive water management must build together to support improved, more comprehensive water 
security.
Table 1. Multi-case study design breakdown of case selection with crisis event and amounts of 
adaptive capacity and adaptive management.
Case Crisis
Levels of Adaptive 
Capacity
Type of Water 
Management (Scale)
Tucson, Arizona, 
USA
Water supply 
transition
High Adaptive (city)
Mendoza, 
Argentina
Drought Unequal
- High, rich farmers
- Medium or low, poor 
farmers
Not fully adaptive 
(community)
Sonora, Mexico Drought, toxic 
chemical spill
Low Traditional (national)
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